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»±St h a 7nACMUDA'J >274©ffiHtrT5 /SSSI 
* (nACMO jpU^^FftHftf*. K£Hfcha7n 
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1 . »£Sfc h a 7-3f VttTir^/Wa y Vg:^ (nAChR) ^-fz3.=.y h 

2. ^B^^y>-274^P>h^=>'^cDmmt > fcS, IK** 1 (w|24fe<DJK 
y * * wrf-^ K. 

4. wmm&, mmtu. m®mx&. mommi&iszut hiwim*** 

6. ^Mt ha 7 nAChR^fc ha5V274T nAChR-CfcS, 5» 



#S 5 MB*©**"** * -o 

7 . 5 * 14 6 KG* OjBSI't * 9 - £ ft f> flr^NilB. 

9 . U£St h a 7 nAChRtf y K<0/< 'J >274<Dtf£gU:T 5 / ®?tt&£ 
# (nAChR) •9-7B-=-yh. 

10. i/274^6 Y\s-*->^<»w»:-zhz>, »*«9{C|E«0^ 

ha 

11. snfyftTtf/l'syySSft: (nAChR) fti^^v-/'3>t5 

ffr&fc * n Si- 5 »<o#ife-c ho x , 

(a) if£® t h a 7 nAChR Jf? y ^7"^ K©/* y >274©ftttC:7 5 / $tt&£ 
WI-SSMlfc ha 7 nAChR^y^^KSrHm-t-SiffflSaSriPffiU 

(b) H*fls£*ifl6lMSi:«:»£U 
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(c) (i) ftgg « 7 %®mz*itz>x\mv7=L- v v *jt%i-*iractt 



12. tos&&mmt£®)&mfetztz?><Di;mvh<>x, 

(a) Kit ha 7t/a i; / h#y^7^ K©/^y y274tf>{4St-T 3: 7 Wi 

(b) &.mt&®>t&mmtz-m\zL, 

(a) t«Sa 7i^^3--y h y 3** U^f" K^>^<C < i t> 1 OCD 



15. t h^Ia7t^ai7 h#y KIC^- K£ft5#y K 

k#»**.* "9$a5t^Hsr t*wmt-tz#y k 
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16. E«#S-2*;/itt*©-»©T5 y'KEHSr&tft hXAa 7^7*.-? 
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atcsmsrw-r^^^t h a 7ij-^-s/ hcm-ts. *mwtt*fz, mm&t 

3fc«W»^{w*JV>-C», safyttTt^aDygtfl: (nAChR) KBi" 
5 a 7V-7=L=.y nAChRii> T-fef/Vay^ (ACh) *J 

■f<J-YV1a.=Ly h ±946. *t^a=? h cD»7Kffl«JtilM2 ( ITM-2J 



it)S^<C2oOBiF*9nAChRli, « 4t^a-? JSitfa 
7fya=y r-£"£^r-f5 t><£>"Cfc-5 (Sargent (1993) Annu. Rev. Neurosci. 16: 
403-443; Court h- (1995) Alzheimer Disease and Associated Disorders 9:6- 
14). a4*iO ! o7t/aay #&3R0>V< OJ&*agiS&5l 

^C0TA/^A/tiliiUTV>5 (Beckb (1994) Neurobiol. Disease 1 : 95-99 ; S 
teinlein?) (1995) Nature Genetics 11:201-203) . a 7 Sr-a^rf SnACh 

RW\ *&^^^lcM«tfc^7 P n-fe->y^ (Freedman^,. (1995) Biol. Psy 
ch. 38: 22-33 ;Rollins5> (1995) Schizophr. Res. 15: 183; Stevens?) (1995) Ps 
ychopharmacol. 119:163-170) , Mja&fl (Donnelly-Roberts b (1996) Brain 
Res719:36-44;Akaike?> (1994) Brain Res. 644: 181-187;Martin?> (1994) Drug 
Dev. Res. 31: 135-141 ;Quik b (1994) Brain Res. 655:161-167) , *5<fct£Wg 
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%m<DJ&&%>±lf»M3&ii (Chanio. (1993) Neurosci. 56:441-451 ;Pugh 6>. 
(1994) J.Neurosci. 14: 889-896; Freeman (1977) Nature 269:218-222; 

Broide^. (1995) Neurosci. 67:83-94) (dBSiS LTV ^i^MS&» &5o 

rt"CtttUStt"C*5 9 (Garcia-Guzmant (1995) Eur. J. Neurosci. 7:647-655) 
, £/c, ^7xy;WN^f>f7>f^ -^1/^^^ (Caenorhabditis elegans) T*.E 

tt£jg< (Treinin<b (1995) Neuron 14:871-877) 0 ^h!ia7^ 
!Jy251^?> H/t^y^Mft ( r c -a7V251Tj ) tSfilLfcTM-2^«rt 
^- 7 >;yg^^!), a 7 nAChR«ig*5 J; Vl^^^y h«tt©W5E 

<D9£f&l£Wi<Doh(Dio-Q&Z> (Bertrand^b (1995) Sem. Neurosci. 7:75-90) 

0 

~V h ]) a 7 IHfcS Uc- a 7WTj)nAChR£ it ^<T, c-a7V251T (a7-4tt»S 

£tt£WLTl\fc. c-a7V251T nAChRf*. a 7 fci Vffil^ifffeSnA 

ChRl^itSnAChRT^^^^ hTfcS^fc Kn-fl-^P hn^^y 



Galzib (1992) Nature 359: 500-505 ;Bertand 6 (1993) Proc. Natl. Acad. Sci 
. USA 90 : 6971 -6975) o ZtlbOWRfrb, HZMfThi- 5TM-2lg#G>«3fi«: A 

^^y^*^L5 5tV^5ffita^^Hfc(Bertrand?>(1995), «T« ; Bertr 
and b (1992) Proc. Natl. Acad. Sci. USA 89: 1261-1265;Galzi b (1995) Neurop 
harmacol. 34: 563-582) 0 

^!7h!Ja7 nAChRttPfflUSa 7 nAChRt ^S^fftlCgM LTl^^ ftfcfc 
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PJ ) tt, ~V V V a 7 nAChRtC^Tte^KHV^^T^-* ^*>3* 5 « 
tha7 nhChMZ&\,^Xit#%\Z.GW£T=t-X h-C&5(Pengf>(1994)Mol. Ph 
armacol. 45:546-554). rftib ©fflS^feS fc<Dtf\ =9H)o7 nAChRlCfclt 



Lfc^oT, 1 o©3llt»ttK*J^T. /<y >-274tfSg&£;ftfc£&fc ha 7 

t> 5 ioojhbmhcisvvc. ^v^mwM 
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h o Kxonffl&mz&^xte. »M^i4iie, mmmmT^ tt»^**5i 



Ell fix ha7V274T AChR3S&3E&DNA&W3 

m2A~2C»4, V274T^^^-t^r-rS t h a 7 cDNAOj* * U*^- KBB^lJ (SE 
itfflpnUCttT«*Sf**ixTV^. *fc. KcMtt*»e>*tfflLfct ha7V274T^ 

s, h£H#©*fj£y5/i&Ba?ij (ga?ij#-^2) ***ixT^6. V274T&£ 

E3T*H, 77!)A7^^ (Xenopus) 5P#«F*3T*^m$tvfc t h a 7V2 
74T nAChR (*ifc*>l24§-) fcitffc ha 7if£3!nAChR (6&ff£^) \Z}otfZ>hC 
h (ffig) » (-) = {%m , GTS-21 (±10*31) *S «fclMBT-089 (Tft 

H4li, AChlCJ:5iSttfbl3J:tft K a7V274TJSg©«S)i 
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fc ha7WT AChR<D#^4:Jt«LTH*-r5 0 
H5M\ nAChRT>^=^n^ K^-r5t: h a7V274T<7)JC^£r[2^U H*, M 
ECte^^y (10M) , MLAttp'^HJ^a^f-^ (lOnM) , DH/3Ett^t K 
n-/3-aiy hn^s^ (1010*35*1% 0-T=fe* hStHRtt* SS»«rMrLft^» 
jg« (bathing solution) Tfot), tftStfOfMBMJB Lfc e fe1*J&»fcO-T=fc;* h 
*tJ»*«*s, #fc ha7V274Tff«lmia-ejW)e**ifc*:», x-^^r^ir^^^i- 

El 611, 77!l*^*x;v (Xenopus laevis) ^"C^Lfcfc h a 7V274TO 
. 10 ji II Aatc^5««(D««»«ff^BBffS:H^tT*5 9, AHitt, C 
a 2+ fe#tt-*^^f£ttfb^^if^>fc*{C10mM Ba 2 *Sr^*t 5&^Barth*2iS( 
90mM NaCl, ImM KC1, 0. 66mM NaN0 3 , lOmM BaCl 2 , 2. 4mM NaHC0 3 , 2.5mMbVHf 
^Bft h U *A*3<fcm0mM Na-HEPES/^7 7- 5*pH7. 55) ftTiffl£$;ftfc/£ 
g£^L(Briggs<b (1995) Neuropharmacol. 34: 583-590 S:#R8*HfcV^. = A 

Galzit) (1992) Nature 359 : 500-505<D&# «:ill*1- 3 fc * C7 h n 
Sr^^T-fS fOR2j^(82.5mM NaCl, 2. 5mM KC1, 2.5mMCaCl 2 , ImM MgCl 2 , 0. 5M 
7bn t°>\ 5raM Na-HEPES^y 77-, S*^ 



P H7. 4) rt^Wfe* *x*:Jftg£*1% 

B7B, a 7 nAChRSItRftU ^Ktfc5[ 125 I]a-^n h*^^ X 
r-a7V274TCh7^7^ h $ JxfcHEK-293^ n-^tcMi"S«FS«J^ 

mbrook, Fritsch &; Maniatis, Molecular Cloning:A Laboratory Manual, %2 
JK(1989);DNA Cloning, Vols. I *5 «fc tfl I (D. N. GloverHl985) ;Perbal, B. , A 
Practical Guide to Molecular Cloning(1984) ;the series, Methods In Enzymo 
logy(S. Colowickio iTW. Kaplangl, Academic Press, Inc. ); Transcript ion a 



-9- 



nd Translation (HamesfbJiB1984) ;Gene Transfer Vectors For Mammalian Cells( 
J.H. MillerP>iH (1987) Cold Spring Harbor Laboratory, Cold Spring Harbor 
, N. Y. ); Scopes, Protein Purification:Principles and Practiced^ 2H£, Spr 
inger-Verlag) ;fc<tr/PCR:A Practical Approach (McPher son bWi 



(1991) IRL Press) Sr#P$HfcV\ 
A. 3£« 

TAChRj fciBM:, ttftfiiftHTtfA-a V V ( fAChj ) ©S*#«rK* 
-T5o AChRIS, = = ^H±*fci4A*#!;yte<hLTT&E#£ft 

TnAChRj JfcSBtt. = = ?-i'tt71r?7i'=» !J VSS**** 



rnAChRf-7'3.^5' hi fcSIStt. nAOR0>Jgj&&|SV'-C. iO»»?i:*ftL 
5 S «5nAChRI4, 400MoMJ|ii1r^3- 
= y b^t>4«Itft! (20J4a lf^asy K loB0 1t^a=y lo 
(4 6 -^^-s/ K ^LTlolinAChRcO^fglCJ&CTvSfclte =*■=■*; V 
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o mftcOtr?), 8<B^-^ — nyat^y b (a2-a9) ±5itf3 ffltf)-*- 
-pyjf^jyh (132-/34) ^||$ix"CV^5 e o;6><£>~^-p >nAC 



g^fr Will ftHco^y^oy^^Kte^^^^^^^/v) icMSLfclJ- 

X^gt-^«J^ffi^**1-5o tte^tfflV^t hftSa 7nAChRil, Dou 
cette-Stammib(1993)DrugDev. Res. 30: 252-256 UllEt££;ftT^£o ff21§ l"a7Xn 
nnOj COB&f&tt, f? £Sia?iJIC*t LrnnnftlCtefi^S T 5 J «X#T $ J KO"C 
«lft$ixfc a 7*^^s/ b***1-5o Ifc^oT, ~!7 by a7V251T nAChR 

a 7nAChRS:jS*i-So 

sift* l *n £ sttflrj- s it^mxh s 0 rsttftj», i£a±z>^s^#k £s 



1-5) rt*SpTIET'&5. 



■?&5r£#prfB'Cfc5. 

Officii, tt$H-©-WSai©**r*1-. LfcriSoT, BUSSttu -#*U3.fct* 

iW) j *5»tt, lu^vzt^i-wzii^xwmmzmGfflbtt 
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r^***j *5tttt, -jRfctt, ie^4fciiSi!fe#o»koft*t tt 

, J; oTtt, rgftKA (ft) j (4, gJl*W*R*fcli* u 
^KfcBBLTJSvvsrfc 9, rjMKKAj tt, ME***-**.** 

fc©-Ctt*v\, Lfc^oT, # !> KOJfcSfctt, <<7?h\ 



itf/*fctt3t#WKKS (stearic bulk) *mft-fZ>m&, Gly/Ala 
s Val/Ile/Leu, Asp/Glu, Lys/Arg, Asn/Glru Thr/Ser*5 J;t/Phe/Trp/TyrSr^i?) 
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3'*JgOSSI?^±3 K^tlCt»»3t«>P>^5. mRNA, cDNA*3i 



&KftK%) I4, Slfl:i<Jll^t^5. Sambrookfc, Mil ; DNA 

Cloning, Vols. 1*541^11, ; Nucleic Acid Hybridization, mJ^t£:#j$ 
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Keltic* X V 5t * u^f - LtS^ y 5? * u*?- K*fc±HMSl>3 



, K»ISlcJ:*)Ii:SS«jfce9SnWR$*tfc9» 

7*5*5 K) t UT»$tl5r t^"5Ifig-Cfot), *>*VM±«*-y/ ArtJCfflii 
'Mi < 1 1 75fift%. iO»tL< < t t>85JM;%, L < f*'># 

< t t>95as%, ft t>#* u< tt^ft < t b9mm%t>K mmztitctf v*?^ 

K*fctt# y KTNfcS r t *>5»«©# y Ktr=» 
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- Ki-S. 

t ha 7£gnAChRJ* > «it«)^B3Je Lfcfll©nAChRtC^LTSffil Ufc«Ftt*J i 
^3fi^l^/i5#tt»^**^1-o = 7 by a7V251T£H#tf>i§£-i: 

l^8Sfc:» tha7V274T(i, t h a 7 nAChRfS^ t Yt^-X . aUvMttT 

»2«rii5v^y>'^ftttS:^T=i p -^h («*.«* -=>^>*>itfACh) i&g 

t ha7V274T(4, i^fc Kn-jJ-iJJ hnxf^> (DH0E) Kit), 1S< ffittft 
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S*(MCII#B:SR3l*ft»!:ll** (El 5*5j;tTCalzit>. (1992)) „ =a-ny 



Srli'f^-^tt^^^^^tt^ift-fS (Nature 359:500-505) . *fc, d-^tf 
B31i-S = !7 HJ o7L247T^«SagftflK©flH4{l:*Ri:it^Sk. t 
h a7V274T<0^/iT^^^ hT**)5 (Bertrandb (1992) Unconventionalphar 
macology of a neuronal nicotinic receptor mutated in the channel domain 
. Proc. Natl. Acad. Sci. (U.S.A.) 89:1261-1265) „ t h a 7 M Sfr 

^rtft§rgjjftt4$NTH-=7 hy^oit^t h(7)j^*cDa 7ff£l!nAChR (Galzi£> 
(1992), BfUS&itfBriggse) (1995) Neuropharmacol. 34:583-590) b&£ft*> 
, = 7 h <J a7V251T nAChRJirtfrtSsfttt**;* (Galzi<b. (1992)) „ t 
h a7V274T nAChRIi, ~U h V a7V251T nAChR £ 19 , »£aS*fti:IBW 

tC0mV£H±-CfiSE-f5 (126) „ 

t r-^g#a 7nAChRf-^-s/ h KTSDNAtt, $VA*fcficDNA (£ 
*fcttv^<o*»©fiflf©lB^*fcJ:*»BI5ll*ixfcto) l=**-J-4fc 

T, t h^flsa 7nAChRD-y3.-y h£3gg££-£5fc£lc, 



Hm©nM©fc*©8Sli: LT\ KDNAfcteffl-fS £ t #T?t 5 (Sambrook^, 

^S©DNA£#57ci6© 1 ocD;fr}£i4, Doucette-Stamm t> (1993) , Hil^t-tE^ 
©£$5^ Sf4St ho 7nAChR^3.->> h K"f 5cDNA£*8H-3 - t 
££tf„ ovve, ::©<£ 5 (ctTWfc^ScDNASr, # !M y—tfJifiKJS ( r 

pcrj ) &±v%®%m774-?-mi\zm^xm$&LmmLx, t r-xjuta 

7niM3iR-9-^3-=jy hSra-K1-5DNAtr#5. <fc 9 f£ L < PCR"CI±, »*SD 
-(-JKlcia, 10-205? ^u*f-Kfi)Srttffl-f5. lffl©EJ!l»i, R 
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f- F7°7^^-£^iI»T-;!)0x.5„ 
3S&£JI£&«f1-£ 7° 7 -7-14, if £ffi7°7 -Y * y * * - K-S 

-fart left 5 0 /7^v 



mi£«£ ^*wtttt(^rt^-r zztizx*). y°yj-?- sr^ttft t © t -r a r 

(Zoler£> (1983) Meth. Enzymol. 100:468) „ ~f y 4 -i—W^te, 

^f->3y4ifi:#t. *oi5*PO«fett, ^Hftff Sg4, 965, 188-^ 

, 314,800, 159-S§\ 314, 683, 202-?§\ S54, 683, 195# (^ftP><D:£ft <fc 9 

V7*U 7*5>T^-tt*«l©»«^J: *»f|i»*ix*:?**SS»WA«r^*i-5^ n 
-y*M1R-rz>. tt^fttJJ^y'f ^*->s y^n-^t L 

gijfet L"t> . aS^DNAy-r 7*7 V i?£3!DNA£13S r t a*-et 6, DNA 
7^ 7*7 V — J4, Grunstein?) (1975)Proc. 



Natl. Acad. Sci. USA 73:396HC|Sife©*jfetCj: (J 7°u-7'-fZ > Z b&X'Z £„ 
t 5 1 oogij&i: LT X t hRNA/4^tt}5l1-?)RT-PCR (Mfe^-tfV * 7— tfil 
mSJS) T7°u-^\Z£<9, o7V274T3C*«ct»Srt*S^ri|-r*)5 5. «itf 
, «*tt*iffli*5ifc , ;:J-»J, mmtl.X(0\i hRNA (»l.5g) *»6>-*«[cDNASr 
oV^ttcDMAS:2O0-fe^yyMci8V^*l»iU PCR*Jj:tf2StO 
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!)y (v) <Dt%t>«)\z (t) ©a K^* 1t\ti&offi&0mik*Vffi?Z> 

£ 5 iclSM-f 3 («E**«ll*iJ:'0 { Hi t>#flBSnfcv^) . o7V274T©36*ft 

©2o©PCRE«?©®»«:-ttfc-*-.5. t hJH«&to»fea7V274TSr»a 

=0** UaJ-^-Kri, tfl;i(:fWarner (1984) DNA3:401CiEiS©iEto-y 



45:i 5. DNABE^iJ (tV i» £fcticDNA7 7*7 y -i»5>*« Lfc to* 
^tf)li, Zoller (1982) Nucleic Acids Res. 10:6487KE<|©&ffi1$ftte36fc 

-f5DNA£. — JMWE?!l& 1X77-^1^5'^— «fPl-SDNAgC5)- 

DNA#y ty — tft?^*«DNAtaE*1-5. K7t-v" 

. aifcttKtt, *rfc*7*7-*©50%#, *««JWWit#f67r-f«r^* 

t>^ic/N>r7*!) ^xi-^©tciiLfc?ag*3i^#-?, 7*9-^ ©*«**« 
ii^7 p n-7*tr/N-Y 7* y ^ /N-f 7* y *v ■«?-•> a XCi 9 put* 

9^n->Sr|Sl3ei-5rt^S*»'bbix4v\ ^Tft©#£-^ gEDNA£ia?'J 
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«jDNA«J»S:fift5. WR**fc#fc^ but*. «WfcJ:»>*^/< 

(E. coli) DNA#!M5~t?l uy *) £x 
aa^^^^^^KHU^K (dNTP) c75#ftTT'ffi^LT, 
1»WrWrfr*jpJt*flMt1-<5wi*s-e#5. Si** ut— t?T?o»aiwJ: 9 

a^SJSli, T4 DNAy#— tfJ3itfATP*ttfflUr«!|i»*/<y7T-*SJ:tf 



*5 KSr, Clewellfc (1972) J. Bacterid. 110:667tC*JV^il^$H 

5rtm5, KDNAfcJWiU attr*MIMW$MfrfcJ:tf/*fctte^£ 
{Ci9^*rf5. BJttftStt, «t<*PP>tlTV>5Sangere) (1977) Proc. Natl. 
Acad. Sci. USA 74:5463©i>x^ d r~>S (& bKlMessing*b (1981) Nucleic Aci 
d Res. 9:3091CfB<fe$HTl^5) \Z.£ 9 , £fc(iMaxami?> (1980) Meth. Enzymo 
1. 65:499lC*ft**lTV^5*«feJ-J:9tT*5ri:iSS-e#*. GCt*trfl*-<?l* 
*fg£>6>*l5^y KJGEfS (band compression) ©fgJHM:, Barr"b (1986) 

Biotechniques 4:428IC*3V>T^$tLTV>5*&(C^V">T-7 f T)/^T / 
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5 $ nfcii^©**^tfj^T% * ©awe $ ftfcit ±«ja £ 

ftfcS±*WSn?Rl;:flJ^ feJvC v *5 fc © t PMt-Pft 9 , s mattes 6 *»-e*>* 
5« JWittS^O^Tfti, (Escherichia coli) tfJRSlCttffl 

. r^tfv'y >-*3<tutx h?^^ y MHtt*tt*"t«*^o^t**i" 57*9 

*S K P BR322 X *sitm4»Ki8tt^-*-«rM#1-*B?USrlRI«C^«-r5ll 



Change (1977) Nature 198:1056) , h!)^h7r^D^ (Goeddelb (1 
980) Nucleic Acid Res 8:4057fc&1rvCtttt$ft-CVS) » *5 ±1** iJfePlT'n 
*— ^— fcitWae^U^y— AJi£-&IMfc (Shimatakefc (1981) Nature 292:1 
28) . ttbWctrvtsXVlac UV57'n^~^-©K?iJ(c*Jl5i-5W^ , !J v KTa 
c^b*-?- (DeBoerib (1983) Proc Natl. Acad. Sci. USA292:128) 

*>3#, SfSiCit)^ /^>7^ (Bacillus) «*«l4'>a— K*-f^ (Pseudomo 
nas) »ftif©||l©II«ttflli«r*«i-*ifc*^ni1?Jb*. 

*tttt»£Jw|i % £8:}Sj:tfflHLffil!l& (i#*5&rt©>b©) #***t«. t°* 
T • h y * (Pichiapastoris) , f?*o5t^ • ■fcUfcTSoi (Saccharomy 
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ces cerevisiae) HXXf^X • ;V7>s<)V>fyi/7, (S. carlsbergensis) ifi 



-*r«»1-*. frfcfn^te^^-tt:, 2-^«Migj^ (Broach?, (1983) Meth. 
Ellzymol. 101:307) , CEN3iARSl tLlt\WM*~fe%K.lTZ>1t#><D 

h*0, Mmxafetftaiztoo?**-*'-* Wx.m-*x*?V -try >m*-r 

XJi> Hess6 (1968) J. Adv. Enzyme Reg. 7:149, Hollands (1978) Biochemi 
stry l7:4m}6i.Xl\{itzemn (1980) J. Biol. Chem. 255:2073£#{$$*lfc<^ 

t Kn^t-f (GAPDH) ^ot-^-lfcliT/Va-^t Ko^f- if (ADH 



erican Type Culture Conection&<t*<^f£1&8ld i kA^*r^"t*fc5, ) rh.f>lc 
(4, HeLa«, t M&itfff (HEK) SOS, =-X^A**-#p* (CHO) fcB 

IS, SWE^A^-fT (BHK) ^e.iCPgJt^HS'bW 

. tfixtfv-^ T^-f/WMO (SV40) , 7VxfaMV<4Jl'Z (RSV) , 7t/!) 
JiVT, (ADV) , |)i-/^D-7W/M (BPV) , D-W M#n?^/W* (CMV 
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ft -e comics tfc-<^ * — ra, y = ^Sr^t? r. t as^tfe-?* 5 , 

tf>—#|f3\ Gopalakrishnan6 (1995) Stable expression and 

pharmacological properties of the human a 7 nicotinicacetylchol 
ine receptor. Eur. J. Pharmacol. -Mol. Parmacol. 290:237-246^ffi^$ tl 

tt^Jta*t^*lT*)9, pfq£S3fll& (Briggst) (1995) Neuropharmacol. 34 
:583-590l:iEf£<A;£fe£:ffl^5) > fiiftUS (Summers** itfSmith, Texas Agri 
cultural Experiment Station Bulletin No. 1555(1987) dfMK^ifc £ fflV^ 5 

n-V^^T-^^^IElbi-^^^^^^n^e-^-^fflVN^ (O'Reilly b(l 
992), Baculovirus Expression Vectors: A. Laboratory Manual, IRL/Oxford 
University Press) 0 



-Y/^«r1&±»ISKaiA'f 5ft4fo, ^9^^u*f-K«r*i*Biartlc3IA-f 5 
Six, ii»<D|ltt*Ki9ft^$ii6. 
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fg^f^^.^ F^ffitSlJr^ttS (tfiRtf, Winzor<b (1995) Quan 
titative Characterization of Ligand Binding, Wiley-Liss, Inc., NY£r#BP, 
SftTcl^) o 

7^-, >?u-? Yfyy^-tefDHtoXmci:*). £gnAChR#I)-i 



HT, HkTm&twYfyyj- (HPLC) Srffll^r i^T^S. 

Sffi^/^K-a-^ftflflcKLTte, J. M. Stewart*} it/J. D. Young, So 
lid Phase Peptide Synthesis, lf5 2JiS, Pierce Chemical Co., Rockford, IL(1 
984) teblNCG. Barany&itRB. Merrifield, The PeptldesrAnalysis, Synth 
esis, Biology, E. Gross** XXfJ. Meienhofergl, Vol. 2, Academic Press, Ne 
w York, (1980), pp. 3-254£, S f&^m LT ii. M. Bodansky, Pr 
inciples of Peptide Synthesis, Springer-Verlag, Berlin (1984) ftfeWCE 
. Grosses it/J. MelenhoferSI, The Peptides:Analysis, Synthesis, Biology 

, WM, Vol. 1 *®mzfttz\\ 

loO^lA^lCl&^-CWu BffMW^t ha7nAChRf-^ 



=>-=-v h§r*lC3-K1-5DNA*fc!4^ti(cft*-f-5RNA$r, 77!)^y^#x;v 
(Xenopus laevis) 0P#*wW<i: £*<D;MSf*9-^E&&AlC± 9 &%LiHkZ> ^ t » 
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-Ct*. -©^fcfcfflV'T, ^DNA4fctt^mRNAIC3-K$Jl5t ha 7nAChRf" 
hSUftcoHIBSrfilTOfcfeDI-BlB-rSwir^'etS (Dascal (1987 
) CRC Crit. Rev. Biochem. 22:317-387£r#H£*lfcV , 0 „ ^S** = -Ki"5 

3&9L£ftfc2E£fc h a 7 nAChROttllgtt, *BiartSfffE& (intracellular 
voltage recording) , 2«ffi®JEH)S^ 7 ^7*8rt££©** ©€Sv 



mfc*%$L-fZ> MfeU tzii Zti h <nUUfr b ©JRlc«i- 2»Kfl:-&*o«*ittSr ill 
x?y-=.>?-f51tib\z y %$L£ix1t§:®ft*tim-tZZt&X'2Z> B nAChR 

ltho7 nAChRtf D K©/< V V274©{ig(CT 5 
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/&S&«r#-t-5££fc h«7=3fytt7tf^9yS^ (nAChR) #y 

mwm&ffiffiWiomm &mm-t-z>mx> v^mh&r*-* t 

(Adams?) (1989) Degenerative Disease of the Nervous System, P 
rinciples of Neurology, McGraw-Hill, NY, pp. 921-967) „ ItlbOSI© 



EjnatattSr*r-j-5^^^Krt»3?*sjfft^ a*^— a (c. eie ga 

ns) jCiSltSasJSttttaaEtttBWU-CV^S (Canessab (1993) Nature, 361:4 
67-470;Callessaf> (1994) Nature, 367:463-467;Lingueglia?> (1993) FEBS L 
ett318:95-99;*3 < tT/Voilley5> (1994) Proc. Natl. Acad. Sci. USA 91:247-25 
1) „ deg-3? V/^K+COVfr^S ry-f>'-i^-7rV^v'3y (gain-of- 
function) J ^{Ali. >h$ * 1 |iO=.3.-n ^(D£flStt£tt£5l#g::-t- ( 
Treininb(1995>, MM) . r©fc«5«Jl©W£ttrixfe®ttWfc#bTx 

& t %9-J-A'y>r (sensory gating) » ftffttttOtt&K.ttJW&B* 

Ht&ffi to*.fts *«ttt» ~A"«*IMMHI, »«WS#WMM8 

ffjft (oseoarthritis) CHitLfcftfll) 4£©**©J»lCtfJBfcfl:'S**;* 
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mm, t-flr-to. '<-*yyym. £%mmm&. if 

4Sa 7nAChR<DfSttit{4, ^SS^S^tt »JS»«fO«^, Donnelly- 

Roberts lb (1996) In bitro neuroprotectiveproperties of the novel c 
holinergic Channel activator (ChCA) , ABT-418. Brain Res. 719:36-444: 

#n3*wtv0 «r!Rfii-<&e>u\, La»Lfcase>, %±T^~* yX\SM9!Ttl 

a 7nAChR&teflJ1-5wi#-C#3. *Jx!4, BiPttlilca8V^TO*e*i-S* 
V^rm«?rg^i-?>^t>T-fo.5 (Bertrand*>4tft:hangeux (1995) 



Nicotinic receptor:An allosteric protein specialized for intercellular c 
ommunication. Sera Neurosci. 7:75-90) <, Lfc^oT, t h^gnAChRlr 

-StfcU'</HC*"C2*ae<k-j-*. S^K, itla 7nAChR-!r;/j.-;/ 

©£{fc©0!l£\ t h a7V274T nAChRlCil LTH 3 K^f. 

Lfc^oT, a 7nAChR!)^^K©^a^tettK»4, t h^gnAChRlr:/^ s> 
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^ + y^vSrJt»fi-5j5:ifOffi©^*-XAWfc«>, »4Io 7nAChRC:*5^T 

tttt«*Sfe*fl:i-SSB*ttx SCJIa7nAChR tha7V274T) KfcltS 

R 



IW 5 r. i IC £ (9 fMW 5:i # "TIB-Cifc 5 0 „ t nAChR t ©HEflyfl 14 

* © a 7 nAChR^gL* ig»f*i© h 9 ? * * hftHML»M&*fctt: 

ttA£ftfcW££ilMS) *fflV^T^j£-f5rt*ST?t<5. a 7nAChR©gg«ft 

nAChR*^a=y h©WMW**trft*fl:1-* !> K (S»7^=^ h£fc(4 

BflL 13*. j**, MLV-?4*s9 (*HWi*sJ:lWII#£8Mi 
) ft ^©ffi©- 3 f^iBffl ttW/Bftl^'^K©®^ ^Sa7nACh 



7nAChRf-^=5/ hOSttfl:#MjBftSn-V«>5^V^Btta, a 7nAChR"^^ 
3.-2/ h^m-fSiteiSrtT'nAChRT^-^ r-#*Bfl&fc&£st£ U 

tf, Donnelly-Roberts £>, lW»«:#JR$*VfcV*) . *=XAI4^M«*, 
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m\i1kizX5Ca z +i&T&&Ol(lffi\Z&Z>&M t a 7nAChRtC± 9^£;ft,5Ca 2+ !5SA 
. elegans) T&&iStlZ<ObiS*b<lQ1*<Dlai&3Ei5\£&Z.L5 

jt 3 ^ - ~> 3 > a» b giStt =i v * * - *s a y^oaib) L fc ^ * = 



ISSrfilii-tSD^vKSr^-f SrtSr^trL, **U4» nAChROa^ 

« JMChRtttS^r5i(IUa««tt*fctt»«afll*tt^*H:» <^< 
AChR#!J^^-K©^y >"274©tt«tT5/iMI*«r*i-*aCJ|t ha 7nAChR 

»T©ffl**mtsuB»i&3R Av-fxivflsj-x-xn y*/y < riPTGj 

) C±9J|S|tRHB*LacSwithch*) w t #"C* 5. ISa 

7 nAChRi^a.^ y h SS^tt. IPTGoaSS&Pfc i 3 PS $ ft5 * Tttfi w^TH 
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a 7nAChR©«til;*rt-5ttlftfl:-&*©a*©ai3£« s ^rffi"e*>S. 
«t«3^^ix5wt«, a 7nAChR^n y*-^fita**J6W 5 5 - ttri91t 

KJ^ttNtSftS) tU<tt?^h-^ft Knyt-* (LDH) ftjfomK 



AChRi '9*L<«g ! L-r.5^tcKLT, fcS^tt»£ffinAChR*Jt'<Tg«nAChR 
Sfc, SEft#1>-y3-siy h^m-fSnAChR DNAfflW;ty =f** K^n 
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xhhb* 

^gnAChRlr:/^-;/ h^fcfiKigBWtli, ^IET-«gtftB^1"5^x. 

, ^Bt-fSr t^r*#^ 0 fcSl^ti:. h*)ti4^<D»fjtli 
, m!SOS^<O^D-<y^ K^J#ft#r£^T^£^5;i<!t#T't5„ ^MnACh 

KX) T?a«U -f VtfhnSfcttin sitirfME*3ftTy*-f 

st,©T'i4^v\ nisei © 



tm 

(HK7WA=J> ( TAChj ) , -feflASL Jfcftd-y*^ 7 5 > ( 

TdTCj ) , ^>^-7^W^iO t ^p<*57S>'(fMECj)t4. Sigma Chemical 
Company(St. Louis, Missouri, U.S. Ajd^A^-L-fc. IUk7k£»^fc Kn-0 
-3LVXT34i/^ ( TDHBEj ) *> y|f^ ^/H) * ( TMUj ) li 

x Research Biochemicals International (Natick, Massachusetts, U.S.A.) 

; Finquel) (4 % Argent Chemical Laboratories (Fisheries Chemical Division 
, Redmond, Washington, U.S.A.) d^A^Lfc 
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t h a 7 m£.WcwiA<pmm 

Elliott h (1993) Soc. Neurosci. Abstr. 19:69T'$£$tlTV>55c:£:ft t h 
%/?1-A"*--7f- K (MRCSPGGVWLALAASLLHVALQGEF (SB?lJS^"3) ) ££tfj;5. Do 
ucette-Stamm£> (1993), StlSl 



? U*<? L/c : 5' -GGGGGCAGCACTCGAGCCCATGAGGTGTAGCCCCGGAGGAGTGTGGC 

TGGCACTGGCAGCATC T CTCCTGCACGTGTCCCTGCAAGGCGAGTTCCAGAGGAAGCTTTACAAGGAGGGG 
-3' „ r»^-y ^5?^ U-^f-mx XholWISltfi 

fcilMTGW*^ K> ^ibOT^tlia^Sa K^rot ha 7nAChR^^ 

hcDNAiE?iJSr^Wi-5o Zixli, ftSsfci/y-TA^ff- K*r=— KU S£ 
a 7nAChRf-^a-=.j; hcDNArttCff^E-tSHind (T^IpE) *"C#*"f* 

. XhoIiJitfflindlliasffiH:, ifiJOtt^^ 9 , ZOtztbZ 

£-j£Lfc„ *ne>©*y ^^u*^-KS:-iftK7=--!J^^**, Xhol&itf 
HindlimBfcU OV^t, ^*XhoI*5 itfflindlllT-^it^tlfc t ha7tya 
= y hcDNA-^W-f SpBluescript^^-ftKilSSLfc. w*U£J:!K 35£*t 
h a 7nAChR-^^--y = - Kf •5*rfcfccDNA£r#fc. *©$rfcftcDNA<DE 
?|J(4, ^ft*v'->-^xyv'y^;i 9*tfgL;fco &cDNA£Xhol*5±U ! Notl-C 



— tfT'ffl*. BstXlTyy^-ir^-a-^*, BstXmftffcU pRcCMV^*- (In 
vitrogen) ©BstXlSWfcrt KSfcS Lfc„ »S^**-rt©^ Vf"- h©EFRltt, 
a 7nAChRf-^3.n5/ hcDNASr*#fWfl:ll'Ca»hr 5**tf©WJPR^*ffc ± 9 * 

77 V fly^ffJ^HXenopus l^evis)jggg!jja^COtt 7nAChR(D^fe .tt^lt 

77!)*^^/i/V (Xenopus laevis) 0P©»BS£>fl$k g£#RNA*fcW:DNA 
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t&mmoimt b « 7nAChRicgiuTgEi-e«§ 

*lT<^.5*}£(Brlggsib(1995), BUH) IC^ofc. 0P#MSii, 100g/miy>^-7 
^ W^-^W-fSii^OBarth^ (90mM NaCl, lmM KC1, 0. 66mM NaN0 3 , 0.74m 
M CaCl 2 , 0. 82mM MgCl 2 , 2. 4mM NaHC0 3 , 2. 5mMtVWt*>-iS^- b]) V 1*5$ i^lOmM 
Na N-(2-fc KD^v'3:^u)t°^:7v ; ^-N , -(2-i^y^/l'*>g?) ( THEPESj 
) /^y77- ft*&pH7.55) «K 17~18 < C(C*t^ tfc 0 lOmM BaCl 2 &£ 

#LCaCl 2 :fc,£U%Cl 2 £:X<&^Barthig$4' > -60mV©^«{4T*SJ^ Lfc. L 
a>Lfc#£>, ^<o^<DH^T-i-4 (06) , !S»««-«EBBff«:a«-tSfc» 



EElWJC^b^^ =7 h!J o 7nAChR£J3F&-r5fc*tO;alziP>(1992), 

ftr$TfflV^;h,T^5#!( ! F£i£f*1- SfcfcJC, 0R2*5<fctf7 h n tfv (82.5mMNa 
CI, 2.5mMKCl, 2.5mMCaCl 2 , lmM MgCl 2 , 5mM Na-HEPES(pH7. 4)*S <£«>. 5M«i& 
Thofy) Srl&fiLfc. =^br=-^-«!ll*iifc««#i:RJPfl*ilia*»fe20 
0~400m£Art^E«Snfc^y>a/7 f A'- TT'y^-^-fcSrfflV^T, 7=*=- 

9JC**E«Lfc. 7^7ht*l;7^^-^ Mrtt:/yi/»/?Vi" 7:/ 

t ha7V274TOJCS«(4 N t h a7WT«D£gi *> » t#«lClWPi- 

•S&lnJic&ofc. Lfc#oT, JISIWKtTSr. nc#P*»MK:38»tilOM ACh© 



t h a7V274T cDNACPffgil 
36^'<^^-F*3"C^a7V274TSr^fi£S-li:5fc*(C, S4fa 7nAChR1f7'=- 
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HI lcH^Lfc*ffiic*5V^T(i, 2o©PCRX@£*t#v\ ot^©JR6t^-e 
ftiWSMa 7cDNArtl::lJ-7*n-=i^Lfc. IS 1 IS (A) T'tt, j??a©3& 
Stffc. *«»*Jl5t^u*^K«r» iv^oW^-Ctt'J^-^^-f-*— (X- 

3') mz, m^<om^X'\iiy*r?-¥-fy-{^— (y-5'> rtid&iis-frfc. * 

fiV^#©5' Wtftt* 7* !7 — K&fflT^-f 5' -GTTTGGGTCCTGGTCTTACG-3' ( 
E?lJ##5) f /<-*rt»7?-f "V-5' -GCAGCATGAAGGTG 

GTAAGAGAG-3' (EJIJ##6) UT4*$*fc. BV^jWS' HUttt, 13® 



KKftlftXJI^fiWi- 57*!7- KF*3 135^7^-7- 5' -CTCTCTTACCACCTTCATGCT 
GC-3' (BH?U#-^7) t !J *#-pf57 , 7'f t— 5' -GTACTGCAGCACGATCACCG-3' (ffi 
?"J**8) tMLTMJtt PCRO&ftii. lOOngW&Aa 7DNA, 2XPfu 
/<5'7r~ 100ng<£>£7°7'f -v— ttSoitfO^SUOPfullffc (Stratagene, La J 
olla, CA) iD43tO-Cfeot SlStt, Perkin-Elmer9600*, 95tT?24fJ>|?B 
, 60 < C-C22g>|B|, OV>T*72tT-78^(D20f-'f'^/WT*fi : ^ofc„ 
B2PCRXS (B) -Ctt. UT» Ztlb<0 2'0<DMftZ 

&Xg (C) T*tt, IS (B) ©SfcfcKpnlJUUfooRVTiWkU y/H»»L 

A©v'ft^->->-^iyv'V^li, 0fao*«5K*©*SE**L, tfc> ^PCR 

!!2A~2Cfi, t ha7V274T cDNA|?^^©J? ^ KE?U (gB?iJ#"^l) 

Sr^l-. t ho7V274T^M#OT5/Kfi5iJ (E?lJ*#2) t, 02A~2CI-^$ 



-34- 



H9IE^i:*59T7!;*y^^3i^ (Xenopus laevis) Wfcfllftrtfci^Lfc* 
lt«l-eHKLfcDNAi>6>SiaUfct ha7V274T nAChRi^^y h£:&ffiLT 

U l0lttChfc»1-5lt*K»tTjBtflSLfc o ir — & M> (B3) It, jEttfbf&4SF 
(ACh-Cttn=4^10, yT*ftn=3H, GTS-21t?^n=3— 5, ABT-089T*l*n 

=2-5) 0?iS±s.e.m. 0 3 t^i-ft<»H, a 7 3ff£S»;::fctt5GTS-21 

3o i ABT-089 \Ztt-f2>'b£Kfc%%m^X &rf— 2 (Shigmaplot y 7 YV^T 
, Jandel Scientific, San Rafael, California, U.S.A.) \ZfoX\$#>1t fc^S 
Sr^-To b ha 7»±SnAChRJC*5t^T, AChfc J:0(-)-=3^|i, *jl-?ni5 
6 ± 20 /z M*5 i ± 1 0 n MCOEC 50 jfi, *5 £ XfZtlZ'tlQ. 94 ± 0. 09*5 X Xfl . 2 ± 0. 2 
©t;VfffttlTUtV^ 0 GTS-21*Ji^ABT-089tt, J6«3J5p^ffxff«i"T?#4 
V^EC 50 flaSr*i-5»^T=^^^ hTfcofCo t ha7V274T nAChR^*5tj"5Sb**5 



b J>a7V274T nAChRd&^T ft, ACh*5 ± = f->tt2*x3ft*^fe 9 , 

•?tU. 02±0. 04/zM*5i W. 94±0. 12 m Mtf)EC 50 ffi, *5 itHrtb-CTll. 8±0. 2*3 J; 
m.3±0.2©fc^*fctf LTirfc. $ &C*Ll^ t fctt, GTS-21tt, fc ha7 
ffSfinACMJcaaitS-t^av^^T^^ h«*fctt±<#IBttK:, t ha7V2 
74T nAChRld*5V^tt^T^^ h-e*>9. 4. 3±0. 3/z MOECgoffi, *5iW.5 
±0.1Ofc/W«Bt«r#LTV^fc o ABT-089tt, fc h aV274T nAChRtC*5l^T 

. i^A^ot^fc^ 28±3mM<DEC 50 R &itf2.3±0.4CQfc/l^m£W 
LTV^fcs6S % **ltt, 40±l%©a«*:*'i-S»»r=f^^ h-Cfcofc. t bnACh 
Rf-y^.- ^ h-C<D^ixbO*t*tt, -17 MJ a7V251TiC:fc^Tll~!7 h !J a 7 
»^SnAChRtJt^TA^180fS^i#^^B»^ix5w2: (Gal z i 5> (1992), fliJS 
) tffiHLTV^5o L^L*#b, ~tl\Z, (-)-- = ^>(D^ h ^itrntt 5 
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ACh(DEC 50 «g (-ttb^PixUMiSi^OOMM) K*hf5 t h a 7V274Tfc it/ 1 

*|^*0^-^9>f >«»**tHLT*ELT^*ttTV^5 (04) c AChte, 
fc h a7V274Tl£ttlO»H, f a7WTt^H2. 5»WSffl Lfc 0 t h a7WTO h 
^^tD»t*fo9f*ifiO«l*W«)^>r^«©f-y^ (tics) tt. T=f~*HH 

t ha7V274T©JS:«tt. t h o7fT^#tJt'<-Cii<flHtft**X«3SL*:. 
m&Ltz-V MJnAOiRtt* AChfci6»LT, <fc t) @< fSttft * L 
it (Galzi<b(1992), 0 

Htt«4 

t fa7V274T nAChRiC 33 57 =fn* HfttfcB-T SnAChRT HPff 
jffi 

v>fc Kn-0-:ry *n>f (DHjSE) , d-y#?y ] J>, -^rlM 
fc£<&nAChRT Hi, 7=f~*hi 



LTilffl ~7 h y a 7TM-2 nAChR3E»(*:|C*5tt5J6«S:Stt<k 

-fZZk&VfflLX^Z (Bertrandk (1992), Mil) . ZtllZ, ^^r^/U 
ES^b^f-^ (a) « J|nAChR*Sg«frJ|^f^lBlc33^Te»i-5 

It, *5£tf (b) »£fflnAOiRT htfS, Wft«ff*«84rS3fe{t:'t5 C 

ttCt^^ffl-rSr tSr^LTV^S (Bertrand^(1992), MA) • 

b ba7V274T nAChRC:*5l>Tte, DHjSE (IOjuM) fc*fc, 7=*^* HUftftf 
«»S#*riSttftLfc (0 5*#fl8*ilfcV^ Q L^Lft*Sfe, 10/zM DHbE^AC 
h^^O66%t^#^C0^^fitfctS^^^!7 h y a7V251T nAChR (Bertr 
and^>(1993)) tttft*9, rtlbO«»H:/h* < , 10/xM ACh{C»-f5^(02. 
8%— 6.9%0©ffl-C&ofc (*1) o ^-r^*^K^-f >H2rt0 2O0jH4*« 

1"S (Proc. Natl. Acad. Sci (U.S.A.) 90:6971-6975) 0 



-36- 



A (lOnM) i5.fctf#«fttt 



nAChRT hr'fe?>y*?7?y (10/xM) RttOfEffl (-fftfr 

MEC, lO^M) , (MLA, lOnM) . ^ t Kn- 0 -a: y ^ v> 

> (DH0E, 10 j* N) S3it«S** (0 7^h»«) K«i-«*»*Jt«* 
*lT<^3o /h«f407^ *>*Ni<OlS£li, &fc ha7V274T#|3SiNiaati:*5^T 



t h a7V274T%»aEjltta3i:iya 7 g±MnAChRi^ fcjtS g V >fi1MiT>*=* 



nAChR 


11 ~W ■» ^ I* 

V yj y h 

( M M) 


10/j M ACh 


(%) § 


1 » M ACh 


10/2 M ACh 


a 7V274T 


DH^E (10) 


4±1 (4)* 


69 ±5 (4) T 


52±6 (4) r 




d-TC (1) 


-2±1 (4) 


99±1 (4) f 


97±3 (3) f 




MLA (0.01) 


-4±2 (7)* 


103±1 (4) f 


95±3 (7) T 




MEC (10) 


-1.9±0.2 (4) T 


1U1 X 1 \4) 






ATROP (2) 


0.1 ±0.1 (4) 


28 ±7 (.b; 








lOmM ACh iZ. 

»•*-&«*«> 


200// M ACh II 


lOmM ACh (I 


a 7WT 


DH^E (10) 


-0.2 ±0.1 (5) 


41±10 (4)* 


23±2 (4) 1 




d-TC (1) 


-0.1 ±0.1 (5) 


28±2 (4) f 


25±3 (4) 7 




MLA (0.01) 


-0.2 ±0.4 (3) 


100±0. 5 (4) 


99±0. 4 (4) T 




MEC (10) 


-0.3 ±0.2 (3) 


82±1 (3) T 


85±3 (3) ! 




ATROP (2) 


0.2+0.5 (3) 


4±3 (3) 


12±3 (3)* 



E&f§ : DH/3E (v^fc Kn-^-aiJJ ^n^-^y) ; d-TC (d-ytft' 7 ]) >) ; MLA ( 
^/HJtfa^?-^) ;MEC (^*57?y) ; ATROP (T h n fc*V) „ 
* p<;0. 05 (OlcSt-f 5t>0) (^^i-x^ h<Offi(ffi| t&£) 
t p<;0.005 (0{C*)-r5fc©) (^^—f^h^mMt^m 

§ AChic^-r^JC^ropi*^ (%) 



ilK /hS4^-|plS«* (ACh!C#1-Sft*ftfa#m»S^ro3~5%) £igigLfc( 
4{l*2fli<£>t ha7V274T|P©^iC*J^-C)o ^[RJtmiiSJS^tt, Hit 

tt^&5„ l^feD&ftTtf) t ha7WT nAChRldfcV^-m, DH0E (lO/iM) , MLA ( 

10//M) , (iomM) 3oi.m-ytf?7 ]) y dpM) ©vvfft'b, 

y^^hffcSThnt'y (2mM) ttWT'ii. nAChRlC&^TSi t hZlt 
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b haV274T nAChRIC fetf 57 hgtttcBH-f SnAChRT g^g hOgffl 

4fc, SWBffr&ftS:* t ha7V274T nAChR^^I^b h a7WTOW*tC*5Jt5nAC 

, 2«*Ojia[<DAChSrttfflLfc 0 lott, EC 5O ffif*3£0>t>£) (a7V274Tiil/iM 



;W*i(f<afc<D (a7V274retilO/zM, *$4tfa 7WT^(110mM) "CfoofCo ^iKx 
-*£^1-o DH/3E (IOmM) , d-y#^7!)V UmM) , MLA (lOnM) *5<fcU^ 
#§95>' (10/iM) 14, W^OnAChRJCfcV^TT^^^^ hi LTfMlLfco 
^«if*5 9, a 7»»lttT^*='-^ hTfeSMLA^fCSfi^-C&t), fcha7V2 
74Ti3J:t^fc ba7WTS:l0nMOj»S-C«Brbfco ( 
IOmM) , DH/3E (lO/zM) teXm-ytf??}) WlplOtt^ft-WU t ha7WT4 
(9 fck ba7V274T&R*LfcJ: 5 ThnfV (2/iM) tt. l^MACh^M 

t5k h a7V274TOJE££28%lfi*Lfc#, 200//M ACh{^M"f 5 b ha7WTC>/£ 

/W»S<DAChtC<tt)ffi14ft:$tl5rt&tt^^*y ^S^»:**-r5(Kusanob (19 
82) J. Physiol. (London) 328: 143- 170; Davidson h (1991) FEBS Lett. 284:252 
-256;2o4tfl)ascal<b (1980) Life Sci. 27: 1423-142?) 0 LfrLttffib* Ztltt 

P 4*46, nAChRT^=f^ h-C*)5^*S?5^ (10|iM) f4, ThntV 
J: 9 Pfl§ * Hfch- a 7V274TW©»JS 05W3»^ 



DH/3E (10/z M) f4, * ft^EC 50 AChj£§£Pfi«-f 5 4 9 §3 < , b ha7V274T:fc 
4tfb ba7WTlC*5V>T**ACW£:«FSra*Lfc (*l&#JS£*lfcH • *fc* 
(IOmM) (4, b h a7V274T nAChRlr joV^T (4, EC 50 AChJ&«:<fc 9 §§ 
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<**ACWS««rl!l*Lfc*S, t ho7WT nAChRIZ*Jt^TI4. *5T?tt*<. ^* 

LfctfoT, t hKAa7V251T nAChRit, T=*=* h©«ttflSfc:*H-a*0« 

Ht, h !J a7V251T nAChRi^LTV^o U&»Lfc#fc, •Srft'bcOg^ 

frWt, DHJ8E (10/iM) = P h !) o7V251TIC*3ft566%<OT^^ h«Hib*i: 
Jt-t-C, t ho7V274Trtrti#*«Sra< Ui«ttfl:U4a»ofcjlSK:*iV^-CH:, * 
fc, d-S>#*5 U 1^ -7 a7L247T nAChRlCJfeltS^fcf&ffi it^T, 
h-o7V274TIC*V^Trtlft#««*rflHt^U**»ofc/SlC*5V^tt*4oT^5 



(Galzit>(1992), itfj^ ; Bertrandb(1993), bU^) . LWot, a7nAChR$ 

=.17 h y o7V274TfcH-rs^*n*a*#*i-s t> *®«aiMPffl*-e*>5. 

fc ba7V274Tgjitt 
10/iM AChlCtt-f 5 t ha7V274T£gnAChR©t£?g©®^#mi£»BS&l4, Brig 
gs?> (1995) Neuropharmacol. 34:583-5902{cE«O«®*JE@^T, #P&*B8a 
K&^xmfcLlt. ZtUL £HT©20©*fl:T-CfT*ofc : (a) Ca 2 *ft#14C 
r*McO-^ffittftSrl!Stf57t*iCBa 2+ ?r-&*-t-S^^Barth^?K (90mMNaCl, 1 
mM KC1, 0.66mM NaC0 3 , lOmM BaCl 2 , 2. 5mMtVH^^- b D $J*iS£mm Na 
-HEPES, pH7.55) (Briggsf> (1995), tfJ&t£K«) <P<D 4 fiW|PS«. fc-ttf 

(b) Galzik (1992) Nature 359 : 500-505(C*i^TffiC)05=7 h y a 
?5F5E-effiffl$ixri > >5fc©S:iiK-t-5fc*{rRSiLfcOR2^ (82.5mM NaCl, 2. 
5mM KC1, 2.5mMCaCl 2 , lmM MgCl 2 , 0. 5ftMT h n tV&.fct/SniM Na-HEPES/<s/ 7 
T-, PH7.4) f*0> 3 fl0>JP84M&. ^t>e»<D*#TlZS8V^-C'b» A<D>Nl!f&m& 
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h a 7ff£SinAChR (BriggsP>(1995), MJ a 7 »£S!nAChR ( 

Galzifc<1992), fim) ttrtKd#»aHt4r*1-as, =7 by o7V251T«*#tt, 
* © i 5 fcSKMt * * * * i»o fc (Galzi ib (1992) , DIM). 

EMZttL-y^T 4 *s*s (geneticin) »tt©££ft$Ji£*WjIiRcOfc«)CD* 
i/>Wi&!&&*t:$G1- 5gg?&38m^*-pRc/CMV (Invitrogen, San 
Diego, CA) tbo7!f£S (WT) *5«fctfa7V274T3§&£gnAChR£ 

t hJ&j,S^ite)}S^HEK-293l^(C h Lfc„ ^cDNAii, Gopalakrishna 

n<b (1995) Eur. J. Pharmacal. (Mol. Pharm. ) 290:237-246iCE«© U #7 x. 
(GIBCO) £fflV^T h7^7x^ lOTT'n-ftfflV^T, 

t ho7*T iiAChRSr»gii-*S*'5i:imS»^»*nT*J9, r*tWt, 



*5iU t Ca 2 *^A^$r^-f' (GopalakrishnanP> (1995), MS ; Delbonob (1996 
) J. Pharmacol. Exp. Ther. (fpW)) . 0 7 Ir^-f^f'-^ tt, t 

t h a 7V274T£g#li, = = =f-^ HC £ t>ffi££;h,5*#=X 

ASr^LT»JI&«*ttlC^5 t#tbH5->-iW^ (C. elegans) deg-3 
(u662) Oi*tt*«iaEJIlC»1-attBItt«rfia»i-5 (Treinin&ilfthalfie ( 
1995) Amutated acetylcholine receptor subunit causes neuronal degenerati 
on in C. elegans. Neuron 14:871-877) . t h a 7V251T^gnAChR<DJ&gtf:, » 
feSOtSffiDJ^RKl-efca* (04) , =!7 Ml a 7V251T^nAChR tl^SliC s 
&*k<ii5^Ca 2 *g$tt£*L-Ovt, *S*#:©flHiMb6*, *>5£#TT-Ji, 
ji»/iCa 2+ ^A^5lter U Lfc#oTiM&5E«:«<. * biC, a7V274T£3 
BmSUL*mL-T^.5#P«*llJ&H:, t f a 7»fefflnAChRSr»ai-5lP«ttttJ: 
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mmt LT, K3MMt*lP*. "Clio 7^3-- y h©3»«)itiiJ£*l3<fc 



feffi-t^W^V 9— ©lOftLacSwitch^ (Stratagene) rfttiu 
'Mfc^&mZffl'M-fZtziblz?? h—^^o^o^im^, LacSwitch^ 

h^ttSt, r©*tt, R*aiIPTG©aq3ET» 4~8l*W£ilrt©aa*fS 

zn&mjic y-fuy y—sm^t $ - (p3'ss) 

&K'<9 9~- (pOPRSVl-CAT) fcfli^S. tft£1MtW?ri, p3'SSrt©W^a-? 
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<<i>'-y*Mtl&fR*&ftLX, pOPRSVI-CAT-<^^— ftott-^J 

S£^-£;frLTjifi)c$;ix3„ HEK-293*fcfite<£>*J0J&© h 7W1 3 >(D 

f&ZixZo ££&«££liMtLfcb, IS^JlPTG^nx.SrfcK.J:') a 7^ 
hZ^^S. IPTG^ffffiT-Cii, pOPRSVT-CAT^;? ^-ftW^U 
-^-(C^1-?,Lacl)^^yf--^^^S(D^{Cj:i9^^ptih$n5, IPT 
Gil, ^ 



U-^- lC*f-f 5Lac y y V y f — i> K©Hr£*fW4*:i*'> $ tt, itl\C 
5 7fe^£0^^iC J; . -T>-h-bD-r*roKBJ3a5EC»^(Ciolt5^S^a 7nACh 

t ha7V274mSfr^ j f|Jiia^^tt^^t?>^^^ ! l i IJ^1-5fcfe(C(4, HEK- 
293*lfirtT?©RcDNA©-®&63i©SL 0Hx.fi, (i) 

/v- (4%) T-iWS&5#PflSk£U iffiWISasBE^SrWSM-Ste^SrfMBi- 

•s^ticitj, ai) »*rti;:ftffl£nfc»iSK**5* h-^^t Koyt- 

if (LDH) OK/H, MMSffOttWj: LTSIi£1-5ri:{rJ;») Don 
nelly-Roberts lb (1996) Brain Res. 719:36-44) , (iii) £#tt<Dj8«Si: LT 

9 (fiSRff* Little?) (1996) Br. J. Dermatol, 134: 199-207;DSouzat (1996) 
J. Neurosci. Res. 43: 289-298; Malcolm^ (1996) J. Neurochem. 66:2350-2360 
) . (iv) >Kif^(D3^^7 e nt'^^AOm^*5j;U«^(^]x.(^ Wrobelfe 
(1996) J. 

Immunol. Methods 189:243-249), 4 fctt«»R*©S^*fctt*MSft;MrtM& 
iiJDW*S»SrffiV^5it^tMt?*>5 AlisonfcitfSarraf (1995) 
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Hum. Exp. Toxicol. 14:234-247;Didier b (1996) J.Neurosci. 16:2238-2250) 

■ztzimnhyyxy*? hitmm mm) > t Fa7ffMtt-7^7x^ 

h^nfefflR fc-ttft h a 7V274T^#T* h 7 7 = * b £ftfc*f SSi-iS^ 
Tfir^5o t ha7V274T^^(7D5ia^«fflflgiiStt(C0^^5ri:^K^tin 

t htC*3lt?,a7V274TlE*#£0#ftli, — ttliHKlS (PCR 
) *5 ilMufcf- vt/Vu^ b mil $ ixtz y 7 i*DM£g W^fti^V ^ffl 

. a 7mgft&Wilii-tZ>tl!b^mm^?CR ( TRT-PCRj ) 



^7 e 7'f-7-i:*lC100ngcO^DNA$r«ffl-r5ri:^^|gTj555>„ a 7&&W-<r> 
£f&X'&RHrZ,ftn7y-(-?- (x-5' *>£m-3* ) ii, gg4>ro&5S*roiiffi£ 

Wfg(C-r5-Cfc5 5o V274TSlfe^4;C5EJiJK»:iS-fe^^>' h2^-^tf^^5^ 

^K*#tH-f--575ffii4. (a) t I« 7f hfflg^!J3(^ W 

l-Wz-z-y hmRNACOcDNA5r«tiJ-r5fc*Ot,5 1 OO^ffilj:, (a) igte^fc 
*TftoTcDNA&#. (b) X@ (a) T'^fccDNA&Jf <g U (c) KHf-^/Kp 



f-VT*!; V^LfcDNA, ^fcitRT-PCRlCi^RNA^kilMLfccDNA^ 3*? 
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x-5'*jj;utY-3*) %&mi,xMm-rz>zbtii-?% lamia ( c ) «, ns^r 



y/wi^s ^1-*«^*©»*lc+»4l»|II*J:lWfe#T-e«ifc**, (b) 

B«7 7^rf5^H)»4, SfcHt (ii) titfi"<9K<D&j3Li:m]frZ1t*> 
OTVft^tU U^K«ife (Wx.fi, Albert*3itBtorris(1994), A 

ntisense knockouts:raolecular scalpels for the dissection of signal 
transduction. Trends in Pharmacological Sciences 15: 250-254 Sr^Ri. c? Jlfc 
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i^h (iii) &1®mtei!V>1®feZ®-r 



&MtLX OteS?o m A. if. 7yftV7t!) U^f 1 K5' -GGCTACACCTCAT 

GGGCTCG (ia?ij##9) ^ffltSrtmS. LfciJoT, rcD^-y^^W 

e^m5rMH$*'5r ir^pjigtfcij^ ^ftfe©;^!**!;:, DNASfcttRNAl;: 
*l"t-5#y j** w^Ko^^S<5< 0 t&j&tf. io~40fiSM©7yfty 

•5#y u*?- K^9©5' =>- H»#fctt/H1-3£ i#T?*$. $s^lc||41- 

jKU K©te¥*5 ±tfiB££jj£if 5 i 5 DNA^- y =0* * w^-f - KSrK 



fH"5. »T^f"lr>'^RNA*y =0*^ U*f-Ktt» -ryf^-CmRNAICW^y 
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5 



^i-2>a7-fe^^*3j;t^5^irv^^-!; U-^f- K [-tft-^tU 5' - CGAGCCCA 

TGAGGTGTAGCC (E?"J#^-10) fcilft' - CCAGGCATTCGGAGCTTGCC (KJiJ##ll) ] 

sH&ffli-s. ^^vsf-f-m, T^^-t^^y ^^w* 
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( 2 ) la m & & i <o « « : 

( i ) G W <0 ft m : 

( A ) S $ : 1591 & S xt 

( b ) m : m est 

( C ) fit <7> & : - * ft 

(D) h#Pt>-:ltfH* 
( i i) E ?'J <D % : Genomic DNA 
( x i ) g£ J3J : £ JIJ # # 1 : 

CTCGAGCCC ATG AGG TGT AGC CCC GGA GGA GTG TGG CTG GCA CTG GCA 48 



GCA 


TCT 


CTC 


CTG 


CAC 


GTG 


TCC 


CTG 


CAA 


GGC 


GAG 


TTC 


CAG 


AGG 


AAG 


CTT 


96 


TAC 


AAG 


GAG 


CTG 


GTC 


AAG 


AAC 


TAC 


AAT 


CCC 


TTG 


GAG 


AGG 


CCC 


GTG 


GCC 


144 


AAT 


GAC 


TCG 


CAA 


CCA 


CTC 


ACC 


GTC 


TAC 


TTC 


TCC 


CTG 


AGC 


CTC 


CTG 


CAG 


192 


ATC 


ATG 


GAC 


GTG 


GAT 


GAG 


AAG 


AAC 


CAA 


GTT 


TTA 


ACC 


ACC 


AAC 


ATT 


TGG 


240 


CTG 


CAA 


ATG 


TCT 


TGG 


ACA 


GAT 


CAC 


TAT 


TTA 


CAG 


TGG 


AAT 


GTG 


TCA 


GAA 


288 


TAT 


CCA 


GGG 


GTG 


AAG 


ACT 


GTT 


CGT 


TTC 


CCA 


GAT 


GGC 


CAG 


ATT 


TGG 


AAA 


336 


CCA 


GAC 


ATT 


CTT 


CTC 


TAT 


AAC 


AGT 


GCT 


GAT 


GAG 


CGC 


TTT 


GAC 


GCC 


ACA 


384 


TTf 1 
1 1 L 




APT 


AAP 


PTR 






AAT 


TPT 


TPT 


GGG 


CAT 


TGC 


CAG 


TAC 


CTG 


432 


PPT 


ppa 




ATA 


TTP 




AGT 


TCP 


TCP 


TAC 


ATC 


GAT 


GTA 


CGC 


TGG 


TTT 


480 


CCC* 


111 


\xt\l 










n/in. 


Liu 


AAG 


TTT 


GGG 


TCC 


TGG 


TCT 


TAP 


^? ft 

J 4b O 


GGA 


GGC 


TGG 


TCC 


TTG 


GAT 


CTG 


CAG 


ATG 


CAG 


GAG 


GCA 


GAT 


ATC 


AGT 


GGC 


576 


TAT 


ATC 


CCC 


AAT 


GGA 


GAA 


TGG 


GAC 


CTA 


GTG 


GGA 


ATC 


CCC 


GGC 


AAG 


AGG 


624 


AGT 


GAA 


AGG 


TTC 


TAT 


GAG 


TGC 


TGC 


AAA 


GAG 


CCC 


TAC 


CCC 


GAT 


GTC 


ACC 


672 


TTC 


ACA 


GTG 


ACC 


ATG 


CGC 


CGC 


AGG 


ACA 


CTC 


TAC 


TAT 


GGC 


CTC 


AAC 


CTG 


720 


CTG 


ATC 


CCC 


TGT 


GTG 


CTC 


ATC 


TCC 


GCC 


CTC 


GCC 


CTG 


CTG 


GTG 


TTC 


CTG 


768 


CTT 


CCT 


GCA 


GAT 


TCC 


GGG 


GAG 


AAG 


ATT 


TCC 


CTG 


GGG 


ATA 


ACA 


GTC 


TTA 


816 


CTC 


TCT 


CTT 


ACC 


ACC 


TTC 


ATG 


CTG 


CTC 


GTG 


GCT 


GAG 


ATC 


ATG 


CCC 


GCA 


864 


ACA 


TCC 


GAT 


TCG 


GTA 


CCA 


TTG 


ATA 


GCC 


CAG 


TAC 


■TTC 


GCC 


AGC 


ACC 


ATG 


912 


ATC 


ATC 


GTG 


GGC 


CTC 


TCG 


GTG 


GTG 


GTG 


ACG 


GTG 


ATC 


GTG 


CTG 


CAG 


TAC 


960 


CAC 


CAC 


CAC 


GAC 


CCC 


GAC 


GGC 


GGC 


AAG 


ATG 


CCC 


AAG 


TGG 


ACC 


AGA 


GTC 


1008 


ATC 


CTT 


CTG 


AAC 


TGG 


TGC 


GCG 


TGG 


TTC 


CTG 


CGA 


ATG 


AAG 


AGG 


CCC 


GGG 


1056 


GAG 


GAC 


AAG 


GTG 


CGC 


CCG 


GCC 


TGC 


CAG 


CAC 


AAG 


CAG 


CGG 


CGC 


TGC 


AGC 


1104 


CTG 


GCC 


AGT 


GTG 


GAG 


ATG 


AGC 


GCC 


GTG 


GCG 


CCG 


CCG 


CCC 


GCC 


AGC 


AAC 


1152 


GGG 


AAC 


CTG 


CTG 


TAC 


ATC 


GGC 


TTC 


CGC 


GGC 


CTG 


GAC 


GGC 


GTG 


CAC 


TGT 


1200 


GTC 


CCG 


ACC 


CCC 


GAC 


TCT 


GGG 


GTA 


GTG 


TGT 


GGC 


CGC 


ATG 


GCC 


TGC 


TCC 


1248 


CCC 


ACG 


CAC 


GAT 


GAG 


CAC 


CTC 


CTG 


CAC 


GGC 


GGG 


CAA 


CCC 


CCC 


GAG 


GGG 


1296 


GAC 


CCG 


GAC 


TTG 


GCC 


AAG 


ATC 


CTG 


GAG 


GAG 


GTC 


CGC 


TAC 


ATT 


GCC 


AAC 


1344 


CGC 


TTC 


CGC 


TGC 


CAG 


GAC 


GAA 


AGC 


GAG 


GCG 


GTC 


TGC 


AGC 


GAG 


TGG 


AAG 


1392 


TTC 


GCC 


GCC 


TGT 


GTG 


GTG 


GAC 


CGC 


CTG 


TGC 


CTC 


ATG 


GCC 


TTC 


TCG 


GTC 


1440 


TTC 


ACC 


ATC 


ATC 


TGC 


ACC 


ATC 


GGC 


ATC 


CTG 


ATG 


TCG 


GCT 


CCC 


AAC 


TTC 


1488 


GTG 


GAG 


GCC 


GTG 


TCC 


AAA 


GAC 


TTT 


GCG 


TAACCACGCC TGGTTCTGTA 




1535 



CATGTGGAAA ACTCACAGAT GGGCAAGCGC TTTGGCTTGG CGAGATTCGG CCGGAA 1591 
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( 2 ) £?l#*2*>fflrtt: 
( i ) BB (D ft jft : 

(A) fc£:502T^/g& 

( B ) 5:7i;8 

(D) f*u^-:||^ 
(ii)E*J©«JB:*l'/<*ft 
( x i ) E ?IJ : B W # 2 : 

Met Arg Cys Ser Pro Gly Gly Val Trp Leu Ala Leu Ala Ala Ser Leu 16 

Leu His Val Ser Leu Gin Gly Glu Phe Gin Arg Lys Leu Tyr Lys Glu 22 

Leu Val Lys Asn Tyr Asn Pro Leu Glu Arg Pro Val Ala Asn Asp Ser 48 

Gin Pre Leu Thr Val Tyr Phe Ser Leu Ser Leu Leu Gin He Met Asp 64 

Val Asp Glu Lys Asn Gin Val Leu Thr Thr Asn He Trp Leu Gin Met 80 

Ser Trp Thr Asp His Tyr Leu Gin Trp Asn Val Ser Giu Tyr Pro Gly 96 

Val Lys Thr Val Arg Phe Pro Asp Gly Gin He Trp Lys Pro Asp He 112 

Leu Leu Tyr Asn Ser Ala Asp Glu Arg Phe Asp Ala Thr Phe His Thr 128 

Asn Val Leu Val Asn Ser Ser Gly His Cys Gin Tyr Leu Pro Pro Gly 144 

He Phe Lys Ser Ser Cys Tyr He Asp Val Arg Trp Phe Pro Phe Asp 160 

Val Gin His Cys Lys Leu Lys Phe Gly Ser Trp Ser Tyr Gly Gly Trp 176 

Ser Leu Asp Leu Gin Met Gin Glu Ala Asp He Ser Gly Tyr He Pro 192 

Asn Gly Glu Trp Asp Leu Val Gly lie Pro Gly Lys Arg Ser Glu Arg 208 

Phe Tyr Glu Cys Cys Lys Glu Pro Tyr Pro Asp Val Thr Phe Thr Val 224 

Thr Met Arg Arg Arg Thr Leu Tyr Tyr Gly Leu Asn Leu Leu He Pro 240 

Cys Val Leu He Ser Ala Leu Ala Leu Leu Val Phe Leu Leu Pro Ala 256 

Asp Ser Gly Glu Lys He Ser Leu Gly He Thr Val Leu Leu Ser Leu 272 

Thr Thr Phe Met Leu Leu Val Ala Glu He Met Pro Ala Thr Ser Asp 288 

Ser Val Pro Leu He Ala Gin Tyr Phe Ala Ser Thr Met He He Val 304 

Gly Leu Ser Val Val Val Thr Val He Val Leu Gin Tyr His His His 320 

Asp Pro Asp Gly Gly Lys Met Pro Lys Trp Thr Arg Val He Leu Leu 33 6 

Asn Trp Cys Ala Trp Phe Leu Arg Met Lys Arg Pro Gly Glu Asp Lys 352 

Val Arg Pro Ala Cys Gin His Lys Gin Arg Arg Cys Ser Leu Ala Ser 368 

Val Glu Met Ser Ala Val Ala Pro Pro Pro Ala Ser Asn Gly Asn Leu 384 

Leu Tyr He Gly Phe Arg Gly Leu Asp Gly Val His Cys Val Pro Thr 40 0 

Pro Asp Ser Gly Val Val Cys Gly Arg Met Ala Cys Ser Pro Thr His 416 

Asp Glu His Leu Leu His Gly Gly Gin Pro Pro Glu Gly Asp Pro Asp 432 

Leu Ala Lys He Leu Glu Glu Val Arg Tyr He Ala Asn Arg Phe Arg 448 

Cys Gin Asp Glu Ser Glu Ala Val Cys Ser Glu Trp Lys Phe Ala Ala 464 

Cys Val Val Asp Arg Leu Cys Leu Met Ala Phe Ser Val Phe Thr He 480 
He Cys Thr He Gly He Leu Met Ser Ala Pro Asn Phe Val Glu Ala • 496 

Val Ser Lys Asp Phe Ala 502 
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( i ) E3aj©«f» : 

( A ) £ £ : 25 7 $ / g£ 

( B ) fi:7W8 

(D) ^ns;-:i|« 

( i i ) e m <d m m & > ^ ^ sj 

( x i ) SB #| : £ JIJ # * 3 : 

Met Arc Cys Ser Pro Gly Gly Val Trp Leu Ala Leu Ala Ala Ser Leu 
Leu His Val Ser Leu Gin Gly Glu Phe 

( 2 ) e n § * 4 <d ® m ■. 
( i ) e n <o # at : 

( A ) 5 $ : 118 
( B ) §H : 6& 

(C) iO|:-*| 

(D) h#D5J-iH« 
( x i ) £ : £ m S * 4 : 

GGGGGCAGCA CTCGAGCCCA TGAGGTGTAG CCCCGGAGGA GTGTGGCTGG CACTGGCAGC 
ATCTCTCCTG CACGTGTCCC TGCAAGGCGA GTTCCAGAGG AAGCTTTACA AGGAGGGG 
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( c ) ^ <d fk : - * m 

(D) b#n 

( x i ) £ m : G £| # % 5 : 
GTTTGGGTCC TGGTCTTACG 

( 2 ) £ 5»i # ^ 6 <D It ffi : 
( i ) E *J © W » : 

(A) ft $ : 23 J£ g*f 

( b ) m ■. mm 

(o m O & : - * « 

( D ) h # d 5; - : jtt « ^ 
( x i ) £ £1 : B 91 * * 6 : 

GCAGCATGAA GGTGGTAAGA GAG 
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( b ) gg : m m 
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(D) NdfD^-:itt^^ 
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CTCTCTTACC ACCTTCATGC TGC 

( 2 ) £ m % 8 © ff « : 
( i ) BE n <D m (ft : 
( A ) ^ $ : 20 

( b ) m ■. m m 

. (C) 

(D) hJlfD 4?- 
( >: i ) 8fi ?U : E ?IJ § * 8 : 

GTACTGCAGC ACGATCACCG 

( 2 ) S?«#*90fiHll: 

( i ) sa?«o^m : 



(A) £ : 

( b ) m : mm 

( C ) 

^ ( D ) h si? n i? - : jg: m « 
( x i ) SE 31 : SE 3J & ^ 9 : 

GGCTACACCT CATGGGCTCG 

( 2 ) g£ n # 1 0 <D if ® : 
( i ) £ 9U TO # WL : 

( A ) & £ : 20 &mtt 
( B ) M : $ g£ 
( C ) : -*m 

(D) hHfn^-:E«tt 
( x i ) IE 31 : IE 3J * 10: 

CGAGCCCATG AGGTGTAGCC 

( 2 ) SE m ft 1 1 <0 ft « : 
( i ) ffi*l®«f» : 
( A ) § $ : 20 



( b ) m : mm 

( c ) m <D f( : - * « 

(D) hsKni?-:j£«tf 
( x i ) E yij : BE § 11 : 
CCAGGCATTC GGAGCTTGCC 
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